In three mice models, despite the lack of BP changes in the Ace2 mutant mice, there is an increase in Ang II levels. 3 Thus, ACE2 gene should still be regarded as a candidate gene for hypertension, perhaps with gender-specific effect.
A few association studies of ACE2 variants and hypertension have been reported. Benjafield et al. 4 found that no association between four singlenucleotide polymorphisms (SNPs) of ACE2 gene and hypertension in an Anglo-Celtic Australian population. Similarly, Lieb et al. 5 reported that five ACE2 SNPs were not associated with systolic or diastolic BP or pulse pressure in German subjects. Recently, Zhong et al. 6 showed that the ACE2 A/C polymorphism (rs2285666) is associated with hypertension in female Chinese patients with metabolic syndrome.
Considering the functional importance of ACE2 gene in cardiovascular system, we performed a case-control association study with hypertension. We selected the rs1978124 (intron 1), rs2285666 (intron 3), rs4646142 (intron 7) and rs879922 (intron 11) polymorphisms roughly evenly interspersed in the ACE2 gene, aiming at examining whether these polymorphisms are associated with hypertension among northern Han Chinese.
The samples analysed consisted of 494 cases (241 females/253 males) and 484 controls (233 females/ 251 males), were selected from the InterASIA study and matched for area, gender and age, using criteria described elsewhere. 7 The local bioethical committee approved the study protocol and each participant signed the written consent.
We genotyped the rs1978124 and rs2285666, using the method described by Benjafield et al. 4 with a minor modification. Rs4646142 and rs879922 were genotyped by means of the polymerase chain reaction-restriction fragment length polymorphism method (available upon request). The minor allele frequency (MAF) of rs879922 is lower than 0.05, and is therefore not included in later analysis.
The statistical analyses in clinical data were carried out using Stata. Because males are hemizygous, Hardy-Weinberg equilibrium (HWE) was assessed only in females by Fisher's exact test using the programme HWE. 8 Pairwise linkage disequilibrium (LD) coefficients were calculated with estimated haplotype frequencies using the R programme 'LD' within the R package 'genetics' (http://cran. r-project.org/src/contrib/Descriptions/genetics.html). For females, Haplo.stats 9 was used for the estimation of haplotype frequencies and haplotype-based case-control analysis with adjustment for environment covariates. For males, haplotypes were calculated through direct counting.
All SNPs did not deviate from HWE in females. Genotype and allele frequencies for each polymorphism in female subgroup and allele data for male subjects are given in Table 1 . None of the polymorphisms showed an association with hypertension status. For females, analysis of variance, adjusted for age, body mass index, cholesterol, triglycerides, creatinine, glucose, high-density lipoprotein cholesterol, revealed no statistical difference between BP level and any of the three SNPs.
The MAF for females and males in different studies is different. For rs2285666 and rs4646142, the allele frequencies in our study are similar to those in other studies of Chinese population both with respect to females and males.
6,10 For rs1978124 and rs2285666, the MAF in Chinese Population is much higher than that in Australian and German populations. [4] [5] [6] 10 For rs879922, the MAF in Australians is as high as 0.42 in females and 0.31 in males, and up to 0.36 in females and 0.33 in males in Germans, but it was lower than 0.05 in our study. The MAF differences may be owing to founder effect or genetic drift. Furthermore, the SNPs studied have similar MAFs in our study and in Chiu et al.'s study 10 and in the study of Lieb et al. 5 (except rs2285666), but not in the study by Benjafield et al. 4 (with relatively small sample), suggesting Chinese and Caucasian populations roughly have similar MAFs, respectively.
The three SNPs in our study were found to be in strong LD with each other with pairwise LD coefficients (D 0 ) approximating to 1 (D 0 ¼ 0.98-1, Po0.001), showing that they were all part of the same LD block. Benjafield et al. 4 demonstrated that rs1978124, rs2285666, rs879922 and rs714205 (intron 16) were in LD (D 0 ¼ 0.54-1, P ¼ 0.05-0.001). Recently, Lieb et al. 5 showed that rs4646156 (intron 8), rs879922, rs4240157 (intron 14) and rs233575 (intron 16), but not rs2285666, were in LD. Taken together, the strong LD and the similar MAFs of the studied SNPs suggest that the ACE2 region has both a low mutation rate and a low recombination rate, implying that this genomic region is very stable.
Both simulations and empirical studies have demonstrated that haplotype analyses may be more powerful than single-locus analyses. 11 From the haplotype analysis in our study, it was observed that the haplotype frequencies in females approximately equalled those in males, and that the most The negative result in our study may be owing to several reasons. First, polymorphisms selected in our study do not cover the gene fully and extensively; however, as indicated by the strong LD between variants in different studies, this might not be a serious problem. Second, EH is a complex disease that is thought to result from interplay between an individual's genetics background and various environmental factors. 1 Thus, only when a sufficient number of control mechanisms are altered in concert would high BP ensue. 3 Third, ACE2 has complex pleiotropic roles in physiology and various pathophysiological states (such as hypertension, heart failure, atherosclerosis, kidney disease, diabetes and severe acute respiratory syndrome, etc.). 2 According to the hypothesis by Otto, 12 genes with pleiotropic effects have low rates of evolution, that is, the ACE2 region is stable and conserved, indicating that the genetic effect is small. On the other aspect, the ACE2 gene intertwines and functions in concert with many other genes, suggesting epistatic effects may exist. 1 Thus, this study is not powerful enough to find the underlying predisposing variants. This study did not provide evidence to support an association between polymorphisms in ACE2 gene and hypertension in the northern Chinese Han population. However, our study partly revealed the limitation of the traditional method in finding susceptible genetic locus for complex disease. Further investigation is warranted to reveal the relationship between ACE2 gene and hypertension. 
